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https://simcenter.designsafe-ci.org/

SimCenter’s Mandate

Advance the Nation’s capability to simulate the impact of
natural hazard events on structures, lifelines, and communities.

Create an open-source and extensible application framework,
integrate existing tools and data, and develop new software to
provide the next-generation of regional disaster simulation tools

Support researchers and practitioners with education and training,
and connect them with high-performance computing resources.
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Unifying Simulation Platform
4@[“}#-- PEER
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Unifying Simulation Platform

SimCenter Application Framework pre- post-
processor = processor

UNCERTAINTY QUANTIFICATION

Open Source

Multi-Fidelit
y ASSET HAZARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

Multi-Hazard

external data

ASSET EVENT STRUCTURAL DAMAGE &

INVENTORY INTENSITY BEHAVIOR LOSSES R CRAERY
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Unifying Simulation Platform

pre- post-
processor processor

external data

Open Source
Multi-Fidelity

Multi-Hazard

& SimCenter$®

Rock motion

GMM at surface

102 107 10° 10

T(period,s)

Site response at
surface

Hazard

Example Workflows - Earthquake Risk

@)

Approximate,

archetype buildings

= Detailed 3D FEM model

Local building
[vEnten — MDOF column
IND2 oMt Other
RES3 — Capacity spectra
RES1 —  Surrogate model
Exposure Response

nheri-simcenter@berkeley.edu

ﬁ W1, RES1

Building-level
(Hazus)

Component-level
(FEMA P-58)

(i

Damage/Loss
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Desktop Applications

UNCERTAINTY QUANTIFICATION

XrD == o X
File Edit View Results Help Examples GISMap
AsseT HAzaRD ASSET & EVENT RESPONSE PERFORMANCE R2D: Regional Resilience Determination Tool m
CHARACTERIZATION  DESCRIPTION  REPRESENTATION = ESTIMATION ASSESSMENT

Disclaimer: The presented simulation results are not representative of any individual building’s response. To understand the response of any individual building, please consult with a professional structural engineer. The
presented tool does not assert the known condition of the building. Just as it cannot be used to predict the negative outcome of an individual building, prediction of safety or an undamaged state is not assured for an
individual building. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.

Regional Results Summary

Regional Map Estimated Regional Totals & x

Casualties: 377.92 Fatalities: 11.75
Losses: 3456408 Repair Time [days]: ~ 4.31+05
Structural Losses: 3.39¢+08 Non-structural Losses: 0

pre- post-
processor processor

. Relatve Freq. Losses 5 x

00 131124 2262247 339337.1 452449.4

Casualties  Economic Losses  Relative Freq, Losses

external data

Detailed Resuits B x

& Sorting Filter:  Loss Ratio ~f

Open Source

1084 354e+04 127 001 0524
1078 102e+06 121 0 001 0522

1072 589e+04 121 0 001 0517

. . . 1077 175e+04 127 0 001 0508

M ultl—FIdelIty 217 543e+04 874 0 001 0502

Select a subset of buildings to display the results: f.g., 1, 3, 5-10, 12

Export folder:

Multi-Hazard oot

Ao ]
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Desktop Applications

SimCenter Framework E@ R2D

KEY: Component Regional resilience

determination tool

R2D: regional simulation

)

PBE
PBE: performance assessment

Performance based
engineering computations

== WE-UQ
2 Wind loading
excitation UQ

‘(a : Hydro-UQ
Tsunami and
storm surge event UQ

@EE-U
Earthquake
excitation UQ

EE-UQ: earthquake response

quoFEM

Quantified uncertainty
with optimization for the
finite element method

How components combine to form apps

quoFEM: calibration

RECOVERY ASSET
SIMULATION GENERATOR
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R2D - Regional Simulation

UNCERTAINTY QUANTIFICATION

Create and run complex workflows for regional simulation of natural hazards to
facilitate research in disaster risk management and recovery.

ASSET
DESCRIPTION HAZARD MODELING  ANALYSIS

Asset definition Multiple Hazard Types

CSV and GIS files

Hazard definition

Regional Site Response
Custom earthquake and hurricane grids

Earthquake, hurricane, tsunami rasters Earthquakes Hurricanes
Earthquake, hurricane event simulation Multiple Asset Types

Tsunamis

Response, Damage and loss

FEM simulations of response
HAZUS and other fragility models
User-provided fragility functions

Buildings Lifelines

$ SimCenterVy EEEiS s NHERI@UCSD | December 15-16, 2022




PBE — Performance Assessment

UNCERTAINTY QUANTIFICATION

PN  Integrates UQ applications of quoFEM, Building Model Generators, Earthquake
@ el Loading, analysis engine and our PELICUN tool for damage and loss assessment.

TR PBE - u] X

MODELING

PBE - Based Login |

Damage and Loss Assessment Pelicun -l

Damage & Loss (using PELICUN):

Asset Demands Damage Losses

General Information Databases
Number of Stories 4 Component Vulnerability: ~ User Defined R4] ExportpB

ERIEE 15000 3| ive Expert Tips - 2022 February/custom_fragility_DB.csv
Occupancy Type  Commercial Office ~|

Building-level assessment (e.g., HAZUS)
Component-level assessment (e.g., FEMA P58)

Component Assignment

Available in DB:  B.10.31.001 Bl  add | addan |
Assigned: 8.20.22.031 - Remove All

Supports external response estimation
Customizable fragility & consequence functions

Description: Midrise stick-built curtain wall, Config: Monolithic, Lamination: Not laminated, Glass Type: Annealed, Details: 1/4
in. (6 mm) AN monolithic; glass-frame clearance = 0.43 in. (11 mm); aspect ratio = 6:5 sealant = dry
None
Demand type:  Peak Interstory Drift Ratio
21866 Block size: 305F
Additional info:  Directional
Unit  Location(s) Direction(s) ~Quantity Blocks Distribution COV  Comment
24296 -~ |
prec' Sl on c B re 1 1 5040 168 loanormal I ~| 03 Midrise stick-built curtain wall,
B 1 2 3360 112 loanormal I ~| 03 Midrise stick-built curtain wall,
& Bl 24 1 4680 156 loanormal I ~| 03 Midrise stick-built curtain wall,
,,,,,,,,,,,,,,,,,,, - K2 24 2 3120 104 loanormal ~ ~| 0.3 Midrise stick-built curtain wall,

B
u X
5 a 00 0 |
RUN at Design! Gl ignsafe

eﬁ’lcnency

mmmmmmmmm
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EE-UQ - Earthquake Engineering

m——— EE-UQ V3.0

RESPONSE

&84 Earthquake Simulation of Buildings and Site Effects
* Automatic model generators and surrogate model development

HAZARD MODELING

Hazard (Earthquake):

Target Spectrum (OpenSHA, OpenQuake)
Ground Motion Selection/Scaling (PEER NGA)
Stochastic Motions

Site Response with Random Fields

Structural Modeling:

Detailed FE Models (OpenSees)
Simplified Nonlinear Model
Auto Steel and RC Building Design
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quoFEM - Calibration

UNCERTAINTY

QUANTIFICATION Integrates Simulation Applications with UQ Applications

MODELING ANALYSIS

GUOFEM: Quantified Uncertainty with Optimization for the Finite Method Login |

O v nom variaes EE X ==

ece
UQ Problem Types I Lrne Gl S
Bk Moments ¢ | Lognormal S| 208 15
=) ooef
Variable Name  Input Type Distribution Mean Standard Dev
S I. [x Parameter & Normal S| 28 3 Show PDF
a m p I n g Variable Name Input Type Distribution Mean Standard Dev
& Ao Moments ¢ | Lognormal S 280 10 Show PDF
e . 0015 |
S e n s I t I V I t Variable Name  Input Type Distribution Mean Standard Dev
y o Au Parameter 2 Normal 2 800 25 Show PDF

Reliability
Calibration

Probability Density Funetion
°
8

e
o
=1
@

Bayesian Calibration

Surrogate Modeling

I ST TS ST S

o0 Pragram Output
16116108 - - reading input file /L json

16:16:08 - Loading Example file. Wait il Done Loading Example appears bef fore progressing.

1611605 - Loading File .. L B/C

16:16:08 - Done Loading File

16:16:08 - Done Loading Example.
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Broadening Impact

The SimCenter ecosystem facilitates collaboration and
accelerates dissemination of new ideas.

Examples:

e 40 tall steel building models - published in DesignSafe soon
e Automatic model generator for steel and RC frames (AutoSDA & RC-FIAP)
e Idealized shear column model for buildings (MDOF-LU)
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Enhancing Intellectual Merit
Leverage advanced methods developed in the community

Examples:

e Complex, hazard-consistent ground motion record selection
e Surrogate modeling techniques for structural response estimation
e Performance assessment methods to estimate damage & losses

e Sang-ri shows additional examples later
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Connections to Other Resources

KEY: [ ] User Internet SimCenter Apps
; Service and Components
- = User Downloads

(3] tabase S‘ C
Dosgrsste (P wee [ o e —— DESIGNSATE VAW

User launches SimCenter App '
to set up simulation experiments

o | [ quoFEM | (& PBE| | R2D
i TACC
Obtains =
data | | (D EE-UQ | [2WE-UQ || RgHydro-UQ | | Cloud Services
Online Cloud SimCenter Apps run Workflows with default ts OR App e
n imCenter S run wi ult com n
Resources medes User SUbSﬁtulBS‘:Iiﬂ'l alternative or custom soﬂwarz?o.;npanents Uploads & m .
data Modular software components Downlclajaac:: 20
CLOUD UQ | MOD  HAZARD  ANA DL REC
Small Simulation Computationally-
Jobs Z Intensive Jobs
TACC
g CIoud smlm UNCERTAINTY QUAHTIHCA'"DN

L HazarD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION [ESTIMATION ASSESSMENT SIMULATION
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Multi-Disciplinary Collaboration

Hi-Fidelity Asset
Simulations

Multi-Hazard
Component Damage
Models

Urban Planning

and Growth Recovery
\ UNCER AINTY QU \NTIFICA :ON MOdellng
Policy |
Inte rventions/' D ocooron  remecmmon ol el Socio-
Economic
Implications

Changing
Demographics

/ NHERI Environmental
Hazard .
. : and Ecological
Simulations
Impacts
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Trainings & Resources

[orsate-crorg

Colendr. [ Colondar-Gragory., @ GoogleScholr § COMD1 R G Gogle [l AC 1 Vour Cor. @ Vacationalcolokn... @ Sacord Ubewis P, (8 Tonblor -G, Si m C e nt e r W e b s it e

SIMCENTER
COMPUTATIONAL MODELING m@g&

AND SIMULATION CENTER

B e Software & Documentation

SimCenter Res 1€
postponed until  WE-UG Applicati

= B == ' * Upcoming Education & Training Events

#  About~ ResearchTools ~  LeamingTools =  Backend Components =  Knowledge Hub = Join the Community  Collaborate

REGIONAL RESILIENCE DETERMINATION (R2D) TOOL (LATEST VERSION 1.0)

= * Forum & Other Communication
= B | — * Visiting Researcher Position

Upcoming Events

+ SimCenter Training fo)
° May 21,2021, 1

Regional Resilience
+ SimCenter Developm Determination Tool

o May 21,2021, 1

REU Positions

Selection|
Ribbon

https://simcenter.designsafe-ci.org/

Push
Buttons
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Quantified Uncertainty and Optimization

About quoFEM for the Finite Element Method ( quOFEM)
Reliability Surrogate modeling/
il analysis Reducedorder
Sensm.wty modeling Bayesian
analysis calibration
Forward

propagation ~__ Deterministic
P - calibration

4

experimental data

Simulation
model

(OpenSeespy user
manual - Upadhyay)
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https://openseespydoc.readthedocs.io/en/latest/src/ModelRendering.html

Benefits - simcenter Tools for Experimental Researchers

1. Moderate-to-high dimension

DESIGNSAFECI =% 2. Efficient algorithms for
NHERI: NATURAL HAZARDS ENGINEERING RESEAR@ INFRASTRUCTURE expensive models
3. Advanced Calibration
and UQ techniques
- Model class selection

Instead ‘;“2?3 use pec 3 2 - Hierarchical Bayesian
Sima puaw ‘ \ - Surrogate-enabled calibration
7 | — —
Easy-to-use Link with the Accelerated and
user interface DesignSafe HPC advanced algorithms
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Inside quoFEM UQ Algorithms

* Latin Hypercube Sampling/Monte Carlo
____________________ » Gaussian Process Regression
» Polynomial Chaos Expansion

* Probability modelbased GSA (PSA)
* Principal component analysisbased PSA

Sampling + Smart Monte Carlo Method
OpenSees
Global

Sensitivity

Python
* OPT++GaussNewton
NL2SOL

FEAPpv Deterministic Gradientfree

Calibration Transitional Markov Chain Monte Carlo

. Differential Evolution Adaptive Metropolis

Bayesian

Custom Calibration

Custom UQ « Userprovided Algorithms
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Examples

waad |g
- ;
- 5 x100
s fasgar
& DESIGNSAFE-CI e e g
G
NQpenSees (Calibrated) Reduced
Shear Strain High -fidelity model order model
Soil Material Model RC Shear Wall Reduced Order Modeling of
Calibration Calibration High-fidelity Building Model
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Adithya Nair
& 2021summer REU from
the Ohio State University

Ex1. Constitutive soil model calib. W

= To calibrate liquefaction capable soil material model (PM4Sand) (soulanger and ziotopoulou, 2017)
= Experimental output - Number of cycles to onset of liquefaction at given cyclic stress ratios (CSR)

Experimental data

¢ Onset of
liquefaction

DESIGNSAFE-C 19

CpmpL!tationaI model - | paR
NO = = Questions.
2\QpenSees § w g
o C ‘ s i 1. What are the important parameters?
Material: PM4Sand v3 o : 2. What are optimal parameter values?
Element: SSPquad (4 node) wo{ /M — 3. How the uncertainty in the parameters

Number of Parameters: 25 V%)
(Chen and Arduino, 2021)

:@ Simcen‘l'er WAE& nheri-simcenter@berkeley.edu NHERI@UCSD | December 15-16,2022
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Inside qquEM UQ Algorithms

« ° Latin Hypercube Sampling/Monte Carlo
/ + Gaussian Process Regression

L O L. ¢« Polynomial Chaos Expansion

- FEM Engine -~ =—>» > UQ Method =~

I R, © /¢ * Probability modetbased GSA (PSA)
¢/, Principal component analysisbased PSA

q 4
-7 Sampling /’  Smart Monte Carlo Method
OpenSees F\T:N /7
O S~a Global d

\ Sensitivity

Python
» OPT++GaussNewton
NL2SOL

FEAPpV \ Gradientfree

Transitional Markov Chain Monte Carlo
+ Differential Evolution Adaptive Metropolis

Custom

» Userprovided Algorithms
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Global Sensitivity Analysis

» What are the important parameters?
» Method: Probabilistic model based global
sensitivity analysis (Hu and Mahadevan 2019)

Sensitivity indices

I Main
I Total |

Dominates the |
response

Computational model

~—+— Material: PM4Sand v3
"7 Element: SSPquad
(4 node)

D, : relative density
Go: shear modulus coefficient B

s 3

g

hyo: contraction rate parameter

SNQOpenSees | ===

Opensees Script %

- B OV

10?

10

Number of Cycles to Liquifaction

Number of Cycles to Liquifaction

(01 =actor 11 4 | emmaanes e -
10 10°
sl
Caelaw e linaa
¢ ) y 107! - 10-!
01 02 03 04 05 06 -
b 500 1000 1500 2000
: Go

Nair AS et al. (2021), Research Experience for Undergraduates (REU), Uncertainty Analysis of Seismic Soil Liquefaction using quoFEM. DesignSafe-ClI.
Yi, S. et al (2022), Sensitivity analysis and Bayesian calibration of a constitutive soil model using quoFEM, OpenSees Days 2022 Eurasia, July 7-8, Turin, Italy

$ SimCentery®




Bayesian Parameter Calibration Callorated output

—h— Mean predi;lion
. ®  Experimental data
= What are the parameter values? g0 -(Zfiil?d”brs"f)
» Method: Transitional Markov Chain Monte Carlo (Ching and Chen, 2007) o Computational |
. £ model
Experimental data 2ou 048 _
Cyclic direct simple shear test S o2
Vertical stress ‘ ‘ ‘ R |
5 10 15 20 25

Number of Cycles to Liquifaction

Predictions from calibrated model

p— Dr
4= .
DESIGNSAFE-CI Shear stress Po§terlor
— Prior
Computational model —> 0 A medn o
n4 n3 @penSees & 1000
500
PM4Sand ! =
SSPquad 4 hpo
Parameters; 2, \ ’
n1 n2 Dr, Gy, hpo . : 2\

Single element simulation

02 04 06 500 1500 0 2 4
D, Go Bio

$ SimCentery®
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Forward Uncertainty Propagation

= Random variables: Dr, G,, hy, _
= Qutput: Vertical profile of horizontal displacement of the soil column | M

—&— Predictive mean
Random realizations

Computational model

SNQOpenSees
I SSPQuad-UP
PM4Sand v3

.

Uncertainty — X
in the e , -

Elevation (m)
o

'...i... | parameters | mump M- ) 21 ~ Uncertainty in
AL/ =\ updated Gy vertical profile
& > e 1 of soil
e = /A4 response
0 ! | |
0 0.2 0.4

Residual
displacement (m)

Nair AS et al. (2021), Research Experience for Undergraduates (REU), Uncertainty Analysis of Seismic Soil Liquefaction using quoFEM. DesignSafe-ClI.
Yi, S. et al (2022), Sensitivity analysis and Bayesian calibration of a constitutive soil model using quoFEM, OpenSees Days 2022 Eurasia, July 7-8, Turin, Italy
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Ex2. Calibration of RC wall properties (Swkerand Lowes. 2022

Calibrating material model parameters using “structural” response

| Experlmental data °
-~ | DESIGNSAFE vzv | Yl |
R el To match deformation \, /
Al A S capacity -
==Y parameter
: ' o -.i 'i. WallaceRW
———— B | — Swaaton Challenges.
Cyclic load test data on = 2 . )
12 reinforced concrete walls 3. 2 1. Computationally expensive model
(Shegay etal. 2021 <’ 2. Gradient-based algorithms not
Computatlonal model / - | % applicable
-3 \MRL

0
7 :.V.,.,,,. ! Drift %

simulation

Parameters of interest
* Concrete crushing energy (Gfcc/Gfuc) - Concrete compression failure
» Steel rupture strain reduction factor (SRS) < Rebar rupture

shell element
(ShellMITC4)
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UQ Algorithms

P Latin Hypercube Sampling/Monte Carlo
¢/ + Gaussian Process Regression

Inside quoFEM

L R ; ) / * Polynomial Chaos Expansion
- FEM Engine > =—> ->UQ Method == /
el i o/ * Probability modelbased GSA (PSA)
. ,I * Principal component analysisbased PSA
’,a" Sampling + Smart Monte Carlo Method
OpenSees <~
\ Global
AN Sensitivity
\
Python \
\ * OPT++GaussNewton
AN NL2SOL
FEAPpv K Deterministic - Gradientfree
Calibration Transitional Markov Chain Monte Carlo
Bayesian + Differential Evolution Adaptive Metropolis
Custom Calibration

Custom UQ

V o
\

» Userprovided Algorithms
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Ex2. Calibration of RC wall properties e maiowes 202

Failure Mode CB

Experimental data Compression Buckling

perimentalcata DESIGNSAFE-CI e
: 78 \ .~ ' Data Depot Project 2430

~+| (Shegay et al. 2021)

-4 142 walls from 32 research programs ;
1% mostly rectangular walls tested under T g vy e e
] . . C - buckling fail D t al. 2009
CyC|IC pl’OtOCO'S in 1960-2010s ompression - buckling raillure ( azioeta )
Failure Mode BR

“ 1!':& ol ;.E Bar Rupture

Summary

Number of Walls

0-2 2-5 5-8 8-10
Vioasel (A f:22) psi

5-10 10-15 15-20 20-25
CSAR

TenS|on fallure ( Da2|o et al. 2009)
Failure Mode CS
...... Compression Shear

@ SimCenter¥®¥ RISt NHERI@UCSD | December 15-16, 2022
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Simulated concrete

. o . _crack pattern
Ex2. Calibration of RC wall properties swoxe ndowes 202

| /
| A\
R memmmn e e e S S
e

. - N o e R R S o

_—
Computational model Failure Mode CB i 7 A e
. . AT N H ARV
Compression Buckling RUAARA A AR R NN
T W HHHH AN

izr Multi-layer shell element (ShellMITC4) Tt AN NN

< i t 10 4 = Esperiment e A B ANNNNAAN N
i+ -o. B — Sirmulaticn | T A WA AN N

AW H NN

@ DispCap=31 e H A ANNNNN N
PNV ZSNNNN N

Parameters of interest 0 ]
» Concrete crushing energy (Gfcc/Gfuc)
» crushing failure mode 25 ]

» Steel rupture strain reduction factor (SRS) Lo
* bar fracture failure mode 5 32 a1 0 1 1 3

Failure Mode BR

T A AN AN
e A RN YN e
e A A AN
| A AN
T AV NA NN
T A A NN
T A AN RN N
e A AN
A e AN A NN ———
R e S 2

9NOpenSees

Bar Rupture
Concrete Steel02 P —
(PlaneStressUserMateria) 10
Stress
~c o . f .tE%— jlr-_itl:':‘:l;‘lure £ 857
Stesi@2 + MinMax v E
Waterial Model [
I Strain =
(Sepscu, Sepstu . JES 31 _ ;"r:zl"'a:::t
s | -104 C= @ DispCap=214
B! 3 3 ) 1 :
Drift: %
(SepscO, $fe) JCH?:;H‘\ H
o Failure Mode CS

Compression Shear

@‘, Si m Ce nie r NHERI Stokley, J., Lowes, L., 2022, Modeling reinforced concrete walls with shell elements to simulate
o Vav through opensees and using jupyter to post process results, Design-Safe Jupyter notebook




Forward Propagation

Enabled by DesignSafe

Computational model

cyclic response of
flexure-controlled wall
model

& SimCenter$®
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Automated Calibration

Method: pattern search
Experimental data

Rectangular walls
under cyclic loading
A MOIGNSATES

Computational model

Reinforced Concrete
Walls with Shell
Elements .

NOpenSees

& SimCenter$®
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https://medium.com/@andre.holzner/learning-discontinuous-functions-in-pytorch-eaa296f04289

Ex3. Reduced Order Modeling

High fidelity model Reduced order model ]
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InSide qquEM UQ Algorithms

+ Latin Hypercube Sampling/Monte Carlo
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> FEM Engine > == > UQ Method .- A P
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Custom UQ « Userprovided Algorithms
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Ex3. Reduced Order Modeling

Reduced Linear
High fidelity model order model condensation
519 590 7
JE— " _>
o g = = F1 DOF of interest =
gh _____ _|e % (56) (57) (58) =) - 29
o Te Jm Te e 1o f Te S N R A Captures nonlinear behavior
) g (4e) I N F ------- (9) B

6th ) B (45) “6) @ ) ° ° e#0 8 .
. D Calibratio || | | — =0 A~

W14x370,

143455

4th @) ) @) ) @) ) _m 3 - 5

;d“_“_ @ " L A ¥ Bouc-Wen

3d _ (25) (26) @7 28) (29) (30) E; slz

wd o He e o le f e | P [ 36 unknown parameters
m, —pX

o/ A 4 L,

~minutes ~seconds

1st [C) 19 [T ) Ul L

W14x500

® © (19 LA 2

Patsialis, D., A. A. Taflanidis, and D. Vamvatsikos. "Improving the computational efficiency of seismic building-performance assessment
through reduced order modeling and multi-fidelity Monte Carlo techniques." Bulletin of Earthquake Engineering (2022): 1-37.
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Ex3. Reduced Order Modeling

Three ground motions used for training
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Northridge Original &
{ Reduced-order

Calibration of Reduced-Order Model

Method: Transitional Markov Chain Monte Carlo (Ching and Chen, 2007)
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Seismic Risk Assessment NE
Using the reduced model and 200 artificial ground motions
Reduced-order model
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Benefits - simcenter Tools for Experimental Researchers

1. Moderate-to-high dimension

DESIGNSAFECI =% 2. Efficient algorithms for
NHERI: NATURAL HAZARDS ENGINEERING RESEAR@ INFRASTRUCTURE expensive models
3. Advanced Calibration
and UQ techniques
- Model class selection

Instead ‘;“2?3 use pec 3 2 - Hierarchical Bayesian
Sima puaw ‘ \ - Surrogate-enabled calibration
7 | — —
Easy-to-use Link with the Accelerated and
user interface DesignSafe HPC advanced algorithms
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Summa 'Y - SimCenter Tools for Experimental Researchers

..... and broader impact through SimCenter ecosystem

e —
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SimCenter

@ SimCentery®
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A

Max disp

- :
v iy % . cnad

R Y o -
i County of Marin, County of San
LA Mateo, California, Bureau of Land

L . Management, Esri, HERE, Garmin,
ISR USGS, EPA, NPS

nheri-simcenter@berkeley.edu

Thank you for your attention!
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